The "amyloid hypothesis" of Alzheimer's disease holds that the aggregation and deposition of the amyloid β-peptide (Aβ) in neural tissue is a key pathological event in the etiology of the disease. Toxicity of Aβ is specifically linked to its interactions with cellular membranes, which result in ion leakage and ultimately cell death. Aβ is produced within the cell membrane, but the mechanism by which it exits this environment to begin the aggregation cascade is unclear.
1. The amyloid precursor protein (APP) is trafficked to the plasma membrane.
2. The activity of enzymes known as β-and γ-secretase produce Aβ from APP. Aβ is embedded in the membrane.
3. Aggregation occurs in the extracellular space, causing the toxicity associated with Alzheimer's disease.
Conclusions
Although the effects of GM1 on the structure and aggregation of Aβ have been explored experimentally, a mechanism that describes the reason for these behaviors is currently missing in the literature. Our findings indicate the following:
• The N-terminal polar region of Aβ interacts with the oligosaccharide headgroup of GM1 through hydrogen bonding • Hydrogen bonding most frequently involves residues His6, Asp7, His13, and His14 of Aβ and the Neu5Ac and Gal2 moieties of GM1 • The interactions of the N-terminal residues of Aβ and GM1 preclude Aβ-interface interactions that otherwise anchor the peptide in the membrane • This sequestration is responsible for allowing Aβ to exit the membrane such that the C-terminal hydrophobic residues become solvent-exposed Interactions between Aβ and GM1 facilitate the release of Aβ from the membrane.
Proposed Model
Aggregation of Aβ leads to toxicity and neuronal death.
The Gibbs free energy, G, of a configuration with respect to the relative zposition of the C-terminal center of mass (z) and the tilt angle of the principal axis of these residues with respect to the membrane normal (θ), can be defined by:
The minimum (given by the location of P max ) is set to zero and thus all other points are relative to this point. 
Results: Free energy surfaces
G(z,θ) = −k B T ln P z,θ ( ) − ln P max [ ]
Ganglioside GM1
• Ganglioside GM1 (Fig. 1) is found in the extracellular leaflet of cell membranes and is enriched in neurons.
• The presence of GM1 in model membranes enhances the rate of Aβ aggregation.
• GM1 promotes the conversion of Aβ from α-helix to β-strand. 
Model Systems

